Patients with neck disorders can report difficulties with functional use of their upper limb because of their neck pain. Yet, there is little information on the frequency and specifically, the nature of these upper limb activities. This study surveyed patients with neck pain disorders (n ¼ 103) presenting for management at private physiotherapy clinics in a large metropolitan area to investigate the frequency and nature of reduced upper limb function. Participants were asked to complete four questionnaires, the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire, the Neck Disability Index (NDI), Pictorial Fear of Activity Scale-Cervical (PFActS-C) and Patient Specific Functional Scale (PSFS). Approximately 80% of patients spontaneously reported that upper limb activities aggravated their neck pain (PSFS). Most frequently, these activities involved loading of the upper limb such as lifting. Eight activity items on the DASH were scored positive by !50% of participants. Participants had mild to moderately severe neck pain (NDI: range 2e68%). The DASH and NDI were moderately-highly correlated (r ¼ 0.669; p < 0.001), indicating the higher the neck pain severity the greater the upper limb functional restrictions. There was a low correlation between the NDI and PFActS-C (r ¼ 0.319; p ¼ 0.001). These findings provide evidence that upper limb function is often impaired in association with neck pain disorders and suggest clinicians should routinely question patients regarding upper limb function. The DASH could be used as a suitable outcome measure in its current or possibly a modified form.
Introduction
Patients with neck disorders may report associated upper limb symptoms and/or neck pain with upper limb activities (McLean et al., 2011) . This is quite apparent in patients with cervical radiculopathy (Radhakrishnan et al., 1994) but upper limb activities can aggravate neck pain in the absence of arm symptoms (Frank et al., 2005; Huisstede et al., 2009; McLean et al., 2011) . A variety of mechanisms may account for this occurrence, including mechanical loading. Cervical segments move when the upper limb is loaded (Takasaki et al 2009) and loads placed through the upper limb transmit to cervical structures via axio-scapular muscles, such as levator scapulae and upper trapezius (Behrsin and Macguire, 1986) . These forces may stress painful cervical structures leading to a pain response that inhibits performance of upper limb activity. This loading could be increased if scapular control is impaired due to altered muscle activation patterns as a result of neck pain (Nederhand et al., 2002; Falla et al., 2004; Helgadottir et al., 2010) .
Despite a number of studies investigating mechanistic links between neck disorders and upper limb function, there is little information on the frequency and specifically, the nature of upper limb activities that may aggravate neck pain. This may reflect the lack of use of upper limb functional outcome measures in neck disorder studies (McLean et al., 2007) . One outcome measure that has been employed in investigations of neck pain patients is the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire (Huisstede et al., 2009; McLean et al., 2010; McLean et al., 2011) . Huisstede et al. (2009) identified the DASH as a valid and responsive measure in its application with non-traumatic neck disorders. The Pictorial Fear of Activity Scale-Cervical (PFActS-C) (Turk et al., 2008) is another outcome measure of potential use and interest. This pictorial questionnaire was designed to specifically measure fear of activity in patients with neck disorders, a psychological factor that may impede recovery (Pool et al., 2010) . Of relevance, the PFActS-C contains images depicting loads born by the upper limb in various positions of the neck and arms, giving it potential as a surrogate measure of perceived upper limb disability. Nevertheless standardised questionnaires such as the DASH and PFActS-C provide information on a set of defined items and may not be sufficiently patient-specific. Information about the impact of neck pain on upper limb function may be more accurately inferred from patients' spontaneous reporting of impaired activities. The Patient Specific Functional Scale (PSFS) is a tool which elicits such spontaneous reporting (Westaway et al., 1998) .
The one study to date investigating the influence of neck pain on upper limb function investigated in the main, patients with more severe neck pain drawn from a population attending hospital clinics (McLean et al., 2011) . This patient group may not be representative of the more general community who present to private physiotherapy settings. The aim of this study was to survey patients with neck pain disorders presenting for physiotherapy management in the general community. Specifically the study investigated (1) the frequency with which patients with neck pain disorders reported difficulties with upper limb function (PSFS), (2) positive responses on the DASH and a modified version of the PFActS-C, and (3) explored relationships between the DASH, NDI (Neck Disability Index) and PFActS-C scores.
Methods

Participants
A sample of convenience of 103 volunteers experiencing nonspecific neck pain participated in this study. Participants were recruited from 12 private musculoskeletal physiotherapy practices located in a large metropolitan area. Patients of either gender were included if they were aged between 18 and 70 years, currently experiencing a neck disorder of sufficient intensity to seek physiotherapy treatment and possessed English proficiency to independently complete the questionnaires. Patients with cervical radiculopathy (clinical neurological signs) were excluded, as were those with an existing upper limb pathology or comorbid condition that may affect upper limb function. Ethical approval for the study was granted from the Institutional Medical Research Ethics Committee. Each participant provided written informed consent.
Measurements
This was a cross-sectional study. Participants provided demographic information and completed four questionnaires, which consisted of the NDI, the DASH, a modified version of the PFActS-C and a PSFS.
Participant demographics
Demographics sought were age, gender, area of pain, pain intensity (neck and arm) and duration of neck pain. Participants indicated their areas of pain by shading a body chart and ticking a box to specify the area of greatest intensity. Average pain intensity over the past week was measured on a 0e10 visual analogue scale (VAS) anchored with the words 'no pain at all' and 'worst pain imaginable'. Participants provided information on the duration of their neck disorder, both the length of time (weeks) of their current episode and the total length of history of neck pain (years).
Neck disability index (NDI)
The NDI was used to measure current severity of neck pain and disability. The NDI is a 10 item questionnaire designed to measure self-reported functional impairment due to neck pain in activities of daily living (Vernon and Mior, 1991) . Each item is rated on a 0e5 scale. The item scores are summed to provide a total out of 50, which is converted to a percentage. The NDI has been used extensively in clinical and research settings, and has proven validity and reliability (Vernon and Mior, 1991) .
Disability of the arm, shoulder and hand questionnaire (DASH)
Upper limb disability was measured using the DASH (Hudak et al., 1996) . The DASH contains 30 items relating to arm, shoulder and hand disability. Twenty-one of these items refer to specific upper limb activities, 3 to general daily activities, 5 to specific upper limb symptoms and 1 to self-efficacy. Each item is scored on a 5-point Likert scale. Individual item scores are summed, divided by the number of responses, subtracted by one and multiplied by 25 to provide a score out of 100. The DASH has been tested for validity and responsiveness in a neck pain population (Huisstede et al., 2009 ).
Pictorial fear of activity scale e cervical (PFActS-C)
The standard PFActS-C comprises of 19 pictures (18 weightbearing, one non-weight bearing) (Turk et al., 2008) . Patients rate the pictures by marking a 10 cm fear VAS scale anchored with 'no fear at all' and 'extremely fearful' of performing the action in the picture. The weight bearing pictures depict holding an attaché case with arms at sides, shoulder height and overhead, with the neck in flexion, extension, right and left lateral flexion and rotation for each position. The non-weight bearing picture shows neck flexion with arms overhead. Totals scores for Fear ratings were calculated as the sum of individual item scores. Male and female picture sets were used to avoid gender bias.
For exploratory purposes in this study, an additional section was appended to the PFActS-C to gain further detail on the scope of upper limb function. Seven extra pictures were included depicting upper limb specific positions (left and right shoulder abduction at 90 and 180 ) and functional tasks (holding a saucepan in left and right hands, and carrying shopping bags). Participants were also asked to provide VAS ratings for (expected) pain for each item after their rating of fear. The 'Pain' scale was anchored with the words 'no pain at all' and 'worst pain imaginable'. Scores were measured as the distance in centimetres from the 'zero' ends. Totals scores for Pain were calculated as the sum of individual item scores.
Patient specific functional scale (PSFS)
Patient-specific reports of impaired functional activities were recorded using the PSFS (Westaway et al., 1998) . Participants were asked to list up to five different activities with which they had difficulty due to their neck disorder. Each activity was rated on an 11-point numerical rating scale, where 0 ¼ unable to perform activity and 10 ¼ able to perform activity at the same level before any neck pain or injury. Participants were also requested to indicate the limiting factor for each activity e.g. neck pain, stiffness. For activities that included both upper limb and neck movement e.g. hanging the washing on the line, participants were asked to clarify whether the aggravating factor was arm or head/neck movement.
Procedure
The study was undertaken on site in the participating practices. The treating physiotherapists were fully informed of the inclusion and exclusion criteria and screened current patients receiving treatment to identify those suitable to participate. They provided suitable patients with information about the study and gained their initial interest. On agreeing to participate, patients received full information from the principal researcher and consented to enter the study. Each participant completed the five questionnaires relating to their neck disorder, following the standard instructions of the respective questionnaires. The order in which the questionnaires were administered was randomly assigned using a randomized number group generating computer program for which each questionnaire was assigned a predetermined number from one to five. This was done to avoid a systematic influence that completing one questionnaire before another might have had on responses. Each questionnaire was explained to the participant. The questionnaires were either completed in the practice or taken home and mailed to the investigators in a postage paid envelope.
Data analyses and statistics
Data were entered into Microsoft Excel spreadsheets and total scores for questionnaires were calculated according to their respective guidelines taking into consideration patients with neck pain only and neck and arm pain. Neck pain was defined as pain from the occiput to the upper trapezius region. Arm pain was defined as pain distal to the acromion process. To determine the frequency of aggravation of neck pain with upper limb activities from the PSFS, the percentage of patients spontaneously reporting difficulty with upper limb specific activities was calculated. Activities were deemed upper limb specific if patients reported arm movement or loading as the aggravating factor. Activities involving prolonged static postures e.g. computer work, or aggravation from neck movement e.g. driving, although involving the upper limbs were not deemed as upper limb specific. Frequencies of positive items on the DASH (defined as a score of !2 indicating mild or greater difficulty/symptoms) were also derived.
Prior to analysis data were tested for normality using a Shapiroe Wilks test, which revealed that data from most questionnaires were not normally distributed. Therefore non-parametric Spearman's rank-correlations were used to determine the relationships between the scores on the questionnaires. Correlations coefficients of <0.4 were categorized as low, 0.4e0.7 as moderate and >0.7 as high (WHO, 2001 ). Data were analysed using SPSS Statistics 20.0.
Results
Population and baseline characteristics
Initially 108 participants entered the study and 103 were retained. Of those excluded, three had incomplete questionnaires, one had radicular symptoms and one was under the age of 18 years. All participants retained in the study completed all questionnaires with four omitting 1e3 items from the DASH as permitted by questionnaire guidelines. The mean age of the cohort was 45.1 AE 12.7 years and 71 (68.9%) were females. The mean duration of current episode was 17.5 AE 39.2 weeks and total duration of neck pain was 8.7 AE 9.0 years. Seventy-six participants reported neck pain only and 27 reported neck and arm pain. Pain was rated as greatest in the upper (35%), the lower (27%), similar in both upper and lower regions (28%) and in the upper trapezius or arm (10%). Of the 27 participants with neck and arm pain, pain was referred to the upper arm in 10 and to the forearm in 17. Patients with neck pain had lower mean scores than those with neck and arm pain on all questionnaires (Table 1) .
The 103 participants nominated in total, 330 functional activities on the PSFS with which they had difficulty due to their neck disorder. Of these activities, 150 were related to the upper limb. They were grouped into eight categories (Fig. 1) . In total, 82 (79.6%) of the 103 subjects self-reported one or more upper limb activities as provocative of neck symptoms. These comprised 85% of those with neck pain group and 66.6% of those with neck and arm pain.
Of the 30 items on the DASH, only 4 of 103 participants indicated no difficulty in all of the activity items (questions 1e21). For each item, the frequencies of !2 scores were collated. Fourteen items out of 30 were scored as positive (!2) by at least 50% of the population.
Eight of these were activities from the first 21 items (Table 2 ). Of the other 9 items, the total !2 scores for the 3 relating to general daily activities were, social activities 58 (46.3%), work/regular daily activities 73 (70.9%), and sleeping 60 (58.3%). Table 3 presents PFActS-C 'Fear' and additional 'Pain' item mean scores as well as the scores for the appended items added for this research. Of interest, there was a consistent trend for ratings of (expected) pain with the activity to be higher than fear of the activity. The additional items scored less (with the exception of 'carrying shopping bags') than the original items.
The results of Spearman's correlations revealed a significant moderate to high correlation between the DASH and NDI (r ¼ 0.669; p < 0.001). Moderate correlations were identified between the DASH and PFActS-C 'Fear' (r ¼ 0.489; p < 0.001), and PFActS-C 'Pain' (r ¼ 0.477; p < 0.001). A moderate correlation also presented between the NDI and PFActS-C 'Pain' (r ¼ 0.421; p < 0.001). There was a low correlation between the PFActSC 'Fear' and NDI (r ¼ 0.319; p ¼ 0.001).
Discussion
This study identified that patients with neck pain disorders of mild to moderate disability (NDI: 27.7% AE 13.8) presenting to community physiotherapy practices commonly reported that upper limb activities aggravated neck pain. Approximately 80% of participants, in this community setting, spontaneously reported difficulty (PSFS) with one or more upper limb tasks due to their neck or neck and arm pain. The mean DASH score (20.7 AE 14.2) was considerably less than values reported both for patients with more severe neck pain disorders (31.0 AE 19.1) (McLean et al., 2011) and shoulder pain patients (48.4 AE 21.4) (Beaton et al., 2001 ), but exceeded normative population values (10.1 AE 14.7) (Hunsaker et al., 2002) . Notably only four participants indicated no difficulty with any activities of the upper limb (DASH or PSFS). The activity items on the DASH with highest scores included heavy recreational activities, carrying heavy objects, gardening and household chores. There could be several underlying mechanisms, for example arm movement could be provocative in presence of neural tissue mechanosensitivity (Coppieters et al., 2001; Dilley et al., 2005) . However, the consistency of the higher loaded activities supports the notion of adverse effects of mechanical loading whereby loading the upper limb transmits forces and causes movement of cervical structures via its muscular connections (Behrsin and Macguire, 1986; Takasaki et al., 2009) . A similar picture was revealed in responses to PFActS-C items where activities with load scored higher than activities without load. In the PSFS, the upper limb activities nominated most frequently included lifting, carrying and household chores such as cleaning. Activities involving reaching such as placing an object on a high shelf and changing a light bulb (DASH), overhead items (PFActS-C) and hanging out washing (PSFS) also scored highly/frequently. Difficulty with overhead activities could be attributable to associated neck extension. However, most participants specified on the PSFS that the limiting factor was use of the upper limb rather than their neck position. Neck pain with reaching may reflect the potential for adverse axio-scapular muscle loading on the cervical spine (Behrsin and Macguire, 1986) . Certainly altered axio-scapular muscle activity in association with neck pain has been verified in both research and clinical practice (Nederhand et al., 2000; Nederhand et al., 2002; Falla et al., 2004; Szeto et al., 2005; Falla et al., 2007; Szeto et al., 2009 ). Likewise positive effects on neck pain and motion have been observed as a result of passively removing the weight of the upper limb by passively elevating the scapulae (Van Dillen et al., 2007; Andrade et al., 2008; Ha et al., 2011) . Retraining correct scapular orientation has been shown to reverse altered muscle activity, which may similarly assist in relieving neck symptoms (Mottram et al., 2009; Wegner et al., 2010) . Findings from this study would encourage further research into the effect of axio-scapular muscle training for patients with neck pain disorders. As well, for clinicians, they highlight the need to fully understand patients' functional limitations in relation to upper limb activities and in rehabilitation, ensure appropriate axio-scapular muscle function and spinal posture in upper limb activities with which the patient reports difficulties.
The DASH has been shown to be valid for a neck pain population (Huisstede et al., 2009 ), but we found that some DASH items e.g. turning a key were scored (!2) by only a small portion of participants (4 of 103). Furthermore, items 22e30 that referred to specific arm, shoulder and hand problems/symptoms were confusing for some participants to answer in the context of neck pain. A number of patients had difficulties in distinguishing whether these items related to their arm or neck, leading to inconsistencies in their interpretation. Huisstede et al. (2009) also noted a lack of relevance of several items to the neck and suggested caution in applying the DASH to neck pain patients without upper limb symptoms. Future studies may consider the value of an abbreviated version of the DASH for neck pain patients and a starting point could be to formally examine the construct validity of the DASH with a Rasch analysis, an increasingly popular method to examine validity of assessment tools (Chiu et al., 2006; Hsueh et al., 2006) . Some preliminary suggestions in an informal sense, based on the results of this study, could be to retain activity items that were scored !2 by 50% or greater of the participants (Table 3 ). This would incorporate household chores, gardening, carrying bags, carrying heavy objects, changing a light bulb, heavy recreational activities and free-arm recreational activities. Sleeping, work and items concerning symptom severity could perhaps be excluded as they already form part of the NDI and are not upper limb specific. Selfefficacy can be more thoroughly explored with specific questionnaires (Nicholas, 2007) . This would leave an efficient 8-item questionnaire that in the main concurs with those upper limb Table 3 Mean scores for items on PFActS-C 'Fear' and PFActS-C 'Pain' scales.
PFActS-C items
PFActS-C 'fear' Mean AE SD PFActS-C 'pain' Mean AE SD
Original 19 items
Weight bearing (WB) arms at side flexion 2.3 AE 2.5 3.1 AE 2.5 WB arms at side extension 2.5 AE 2.8 3.3 AE 2.6 WB arms at side lateral flexion right 2.5 AE 2.8 3.4 AE 2.5 WB arms at side lateral flexion left 2.5 AE 2.8 3.3 AE 2.5 WB arms at side rotation right 2.6 AE 2.8 3.5 AE 2.5 WB arms at side rotation left 2.3 AE 2.7 3.1 AE 2.4 WB arms at shoulders flexion 2.6 AE 2.8 3.3 AE 2.5 WB arms at shoulders extension 2.7 AE 2.8 3.5 AE 2.6 WB arms at shoulders lateral flexion right 2.8 AE 2.9 3.7 AE 2.6 WB arms at shoulders lateral flexion left 2.7 AE 2.8 3.4 AE 2.5 WB arms at shoulders rotation right 2.9 AE 2.9 3.6 AE 2.5 WB arms at shoulders rotation left 2.7 AE 2.8 3.4 AE 2.4 WB arms overhead flexion 3.3 AE 3.2 4.2 AE 2.9 WB arms overhead extension 3.5 AE 3.2 4.5 AE 2.8 WB arms overhead lateral flexion right 3.3 AE 3.2 4.2 AE 2.8 WB arms overhead lateral flexion left 3.2 AE 3.1 4.0 AE 2.7 WB arms overhead rotation right 3.4 AE 3.2 4.1 AE 2.7 WB arms overhead rotation left 3.3 AE 3.2 4.0 AE 2.7 Non-weight-bearing (NWB) overhead flexion 1.9 AE 2.3 2.4 AE 2.3
Additional 7 items NWB 90 abduction right arm 1.2 AE 1.8 1.6 AE 1.8 NWB 90
abduction left arm 1.1 AE 1.7 1.4 AE 1.7 NWB 180 abduction right arm 1.1 AE 1.7 1.6 AE 2.0 NWB 180 abduction left arm 1.2 AE 1.7 1.5 AE 1.8 Holding saucepan right arm 1.5 AE 2.1 2.0 AE 2.2 Holding saucepan left arm 1.6 AE 2.2 2.1 AE 2.2 Carrying shopping bags 2.5 AE 3.0 3.5 AE 2.8 activities nominated spontaneously by patients in the PSFS (Fig. 1) . Further research is required to develop sensitive and efficient measurement tools. The mean value (52.8 AE 50.9) for the PFActS-C ('Fear') was significantly less than that recorded in whiplash patients (76.5 AE 55.7) (Pedler and Sterling, 2011) . Patients in the current study scored higher on the additional PFActS-C 'Pain' scale than 'Fear'. In completing the questionnaire participants often stated they "wouldn't describe themselves as fearful" but rather apprehensive or similar. Some participants also expressed difficulty in relating to the original PFActS-C images as they contain positions such as lateral neck flexion whilst holding an attaché case overhead, which they stated they simply "wouldn't do". Although generally scoring lower, anecdotally it was noted by the researcher that the more functional images included in the additional 7-items such as carrying shopping bags and holding a saucepan elicited responses more readily. The PFActS-C is a fairly new questionnaire designed to gauge fear of activity through presentation of a series of images in which an attaché case is held in sequentially different arm and neck positions. Patients may relate better to a more functionally based pictorial questionnaire and this is an area for future research.
The results from this study revealed a moderate to high correlation between the DASH and NDI indicating a relationship between severity of neck disorder and level of upper limb disability as found by McLean et al. (2011) . The moderate correlations between the DASH and PFActS-C 'Fear' and PFActS-C 'Pain' were expected as the PFActS-C contains a number of items involving upper limb activities. The PFActS-C 'Fear' measure appears to have a weak relationship with neck disability in this population, showing a low correlation with the NDI (r ¼ 0.319). A stronger relationship between PFActS-C 'Pain' and NDI (r ¼ 0.421) suggests this measure may be more reflective of neck disability. Participants with arm and neck pain scored higher on all questionnaires than those with neck pain only (Table 1 ). Higher scores from these patients likely pertain to them being overall more severe as reflected by their mean NDI score (33.8 AE 15.3). For most individual items on the DASH there was also a tendency for patients with neck and arm pain to score higher than those with neck pain only, although the frequency with which these patients spontaneously reported upper limb activities as aggravating their neck (PSFS) was less.
There are potential limitations to this study. For example, the DASH asks for an estimate over the last week, whereas the NDI asks for current status, which may influence correlations. Other potential modifiers of pain such as educational levels, self-efficacy were not tracked in this study, which was principally concerned with upper limb activity limitations. In addition, some patients had difficulty interpreting DASH items which referred specifically to upper limb problems. We also included in an exploratory manner, other examples of upper limb activities and expanded the PFActS-C to question, whether it was fear of the activity or the expected pain with the activity that was the main concern. It must be stressed that these inclusions were exploratory in nature and no account was taken as to the validity of these inclusions. Nevertheless, they encourage further research into establishing more specific questions/questionnaire for establishing neck related upper limb disability as well as a better understanding of the relationship between fear and pain with upper limb activities.
The use of self-reported measures to assess difficulties with upper limb function and their direct relationship to neck pain is a further limitation. Objective measures may better quantify this relationship in the individual patient. One measure proposed by McLean et al. (2010) is the single arm military press, which involves repeatedly lifting a 3 kg weight overhead over a 30 s period. This appears an easily administered outcome measure, however as identified on the PSFS, lifting heavy weights may aggravate the patient's condition. Nevertheless further investigation of a more quantitative measure is warranted.
Conclusion
The results of this community-based study add further evidence that upper limb function is often affected in association with neck pain disorders. Approximately 80% of patients reported that upper limb activities aggravated their neck pain and there was a moderate to high correlation between the degree of upper limb disability (DASH) and the magnitude of neck pain and disability (NDI). These results suggest that clinicians should routinely question patients regarding upper limb function and ensure that management addresses these provocative factors and functional limitations. The DASH could be used as a suitable outcome measure in its current or possibly a modified form.
Appendix 1
Frequency (%) of scores on DASH items. 
